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Abstract 
Nowadays, the manufacturing industry is faced with the challenge to adhere to stringent environmental regulations due to the scarcity of natural 
resources, global warming and waste management issues. Increasing environmental concerns and awareness are the driving force which pushes 
manufacturers all over the world to adopt green manufacturing practices. However, the drivers and barriers of implementing green 
manufacturing practices in Small and Medium Enterprises (SMEs) differ from those for large enterprises since SMEs lack the data, resources, 
technical expertise and experience required to implement green initiatives. The environmental performance of SMEs is mostly driven by the 
intention of company owners. Since SMEs play a crucial role in a nation’s economic growth, it is imperative to identify the drivers and barriers 
which will motivate and hinder the implementation of green manufacturing practices in SMEs, which forms the main motivation of our work. 
In this paper, we report preliminary findings on the drivers and barriers faced by SMEs in implementing green manufacturing practices, 
specifically in Malaysia. We use the Delphi survey method to explore, identify and verify the drivers and barriers of green manufacturing 
practices by obtaining consensus from a panel of experts. The experts are required to answer questionnaires in three rounds. The results of this 
study will offer insight to SMEs who intend to transform their manufacturing practices from conventional to green ones. We believe that our 
study will assist the manufacturing industry in prioritizing the key factors which will influence the adoption of green manufacturing practices. 
 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of Assembly Technology and Factory Management/Technische Universität Berlin. 
Keywords: green manufacturing, drivers, barriers, Delphi method, SMEs
 1. Introduction 
Nowadays, a growing number of companies have become 
increasingly aware of their responsibilities to develop green 
products, services and processes [1]. In general, large 
companies are more compelled to do so compared to small 
and medium enterprises (SMEs) due to the fact that they are 
more influential with better organizational management and 
good financial stability compared to SMEs. Many small 
businesses do not perceive their own environmental impact as 
significant compared to those of larger companies [2]. Most 
studies pertaining to environmental management in SMEs are 
centred towards the experience of companies when it comes 
to greening their production facilities [3].  
It is known that SMEs play a crucial role in a country’s 
economic growth and they can be considered as the backbone 
of economic growth in all countries. In Malaysia, it has been 
reported that the SMEs’ contribution to the nation’s Gross 
Domestic Product (GDP) is 32.5% in year 2011, and these 
companies aim to contribute 41% to the nation’s GDP by year 
2020. The Government of Malaysia has drafted plans which 
require SMEs to increase workforce from 59 to 61%, increase 
exports from 19 to 25% and increase the number of registered 
firms from 69 to 85% in Malaysia by year 2020 (The Star, 
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Assembly Technology and Factory Management/Technische Universität Berlin.
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2013). SMEs contribute to the nation by providing job 
opportunities and they serve as suppliers of goods and 
services to large organizations. SMEs are defined by a 
number of criteria such as location, size, age, organizational 
structure, number of employees, sales volume or worth of 
assets and ownership through innovation and technology [4]. 
The majority of SMEs adopt simple systems and procedures, 
which allow flexibility, immediate feedback and short 
decision-making chains. More importantly, SMEs provide 
better understanding and quick response to customer needs 
compared to large organizations [5].  
The term ‘green manufacturing’ was coined to reflect a 
new manufacturing paradigm which implements various 
green strategies (objectives and principles) and techniques 
(technology and innovation) to become more efficient [6]. In 
general, green manufacturing includes generating processes 
which utilize inputs with low environmental impact, as well 
as processes which are profoundly productive with nearly 
zero waste and contamination. An example of green 
manufacturing practices (GMP) is the prevention of pollution 
which involves reducing energy use, raw materials and solid 
waste, reusing products as well as recycling water. Other 
green practices include the use of renewable materials, eco-
friendly energy, redesigning products and processes, and 
training employees regarding product stewardship practices. 
The drivers and barriers of green manufacturing practices 
in SMEs differ from those in large enterprises due to the fact 
that SMEs lack the data, resources, technical expertise and 
experience required to implement green initiatives. The 
environmental performance of SMEs is mostly driven by the 
intention of the company owners. In addition, the 
characteristics of SMEs differ greatly between geographical 
regions. Hence, we believe that there is a critical need to 
identify the drivers and barriers of green manufacturing 
practices in SMEs in order to expedite the implementation of 
such practices in SMEs, specifically in Malaysia.  
We observed from the literature that there is a limited 
number of studies focused on the identification of drivers and 
barriers which motivate and hinder the implementation of 
GMP in SMEs, especially in a specific country. Most of the 
studies in this field are primarily dependent on the findings in 
the literature, which may be inapplicable for actual practices. 
In order to fill this gap, the objective of our work is to identify 
the drivers and barriers which influence the implementation of 
GMP in SMEs. We use the Delphi survey to collect views 
from a panel of experts recruited from the academia, 
government agencies and manufacturing industry regarding 
the list of drivers and barriers. However, since our study is 
still in the preliminary stage, we only present findings 
obtained from the first round of the Delphi survey. 
 
2. Literature Review 
 
2.1 Definition of SMEs 
 
According to the National SME Development Council 
(NSDC), an enterprise is considered as a SME based on either 
its annual sales turnover or the number of full-time 
employees. SMEs are divided into two sectors: (1) 
manufacturing related to physical or chemical products and 
(2) services and others. The latter category includes ICT 
services, private education, research and development, 
logistics, primary agriculture, construction, mining and 
quarrying.  The definitions of SMEs based on its size of 
operation and sector are presented in Table 1. 
 
Table 1 : Definition of SMEs based on  its size of operation and sector  [51] 
 
Category Small Medium 
Manufacturing Sales turnover from RM 
300,000 to less than RM 15 
million OR 5 to 74 full-
time employees  
Sales turnover from RM 15 
million to RM 50 million 
OR 75 to 200 full-time 
employees  
Services and 
other sectors 
Sales turnover from RM 
300,000 to less than RM 3 
million OR 5 to 29 full-
time employees  
Sales turnover from RM 3 
million to RM 20 million 
OR 30 to 75 full-time 
employees  
 
2.2 Green Manufacturing Practices 
 
Green manufacturing leads to production efficiency (i.e. 
less energy and water usage), lower raw material costs due to 
(i.e. recycling waste rather than purchasing virgin materials), 
reduced environmental and occupational safety expenses (i.e. 
lower regulatory compliance costs and potential liabilities), 
and improved corporate image (i.e. decrease in negative 
environmental impact by the public) [7]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Green manufacturing process cycle [53] 
 
The green manufacturing process cycle is shown in Fig. 1, 
and it can be seen that the process begins with design, 
followed by procurement, manufacturing, packaging and 
distribution, customer use to a product’s end-of-life and 
remanufacture.  
 
3. Research Methodology 
 
We first search for literature pertaining to green 
manufacturing practices in SMEs such as scholarly books, 
journal articles, conference papers and the Internet. Following 
this, we identify and compile the list of drivers and barriers 
which influence the implementation of GMP in SMEs from 
the available literature. We also conduct a brainstorming 
session among our research group in order to finalize the list 
of drivers and barriers and their corresponding categories. 
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Fig. 2. Flow chart of the methodology adopted in this research 
 
The flow chart of the methodology adopted in this study is 
shown in Fig. 2. Once we have identified the list of drivers 
and barriers, we apply the Delphi method to examine the key 
drivers and barriers based on the views obtained from the 
panel of experts. We prepare semi-structured questionnaires 
as the research instrument and conduct a pilot test prior to 
sending the questionnaires to the panel of experts to ensure 
that all questions can be interpreted accurately by the 
respondents. 
We use the Delphi survey method for data collection. 
Delphi is basically a method which structures group 
communication process and makes the process more effective. 
Hence, the Delphi method enables a group of individuals to 
deal with a complex problem [8]. In this study, we use three 
rounds of questionnaires for data collection, which are 
described briefly as follows: 
 Round 1: We ask the panel of experts who have 
agreed to participate in the survey to complete the 
first questionnaire which answers the following 
question: What are the most essential/important 
drivers and barriers for SMEs to implement green 
manufacturing practices? 
 Round 2: We will consolidate the list of drivers and 
barriers extracted from the first round of the Delphi 
survey and send the results to the experts for 
verification. Following this, we will hold a meeting 
with the experts in order to achieve a consensus.  
 Round 3: We will ask the panel of experts to make a 
pair-wise comparison based on the list provided in 
order to answer the following question: How do you 
prioritize the drivers with regards to achieving green 
manufacturing performance? 
 
We will recruit 20 experts from the industry, academia 
and government agencies for this survey. We will collect data 
from 20 academicians from local universities having research 
interest in related fields. We will request the experts to 
complete the questionnaires in order to obtain a list of key 
drivers and barriers based on their opinion. We will identify 
the drivers and barriers based on the data gathered from the 
questionnaires. Since this study is still ongoing, the results 
presented in this paper are merely preliminary findings 
extracted from the first round of data collection.                                                                                                                                            
4. Results from the first round of Delphi survey 
Preliminary findings of the first round of the Delphi survey 
are presented in this section, based on the responses of 6 out 
of 20 experts who have participated in this study. The results 
indicate the factors which motivate and hinder the 
implementation of green manufacturing practices in SMEs and 
are summarized in Table 2 and 3, respectively. The mean 
value and rank of each factor is presented in the results.  
 
Table 2 : Drivers which motivate the implementation of  GMP in SMEs 
No Drivers Mean Rank 
Legislations 
1 Voluntary GMP regulations and standard (e.g. ISO 
14000 and Eco Labelling`) 
4.000 23 
2 Compulsory GMP regulation mandated by local 
government (e.g. hazardous and toxic regulation)  
4.000 23 
3 GMP regulation in place by other countries  (e.g. 
WEEE, EU Directive)  
3.000 38 
4 Financial incentives or penalties from the 
government (e.g. tax, rebate, soft loan) for GMP 
4.250 15 
5 Compulsory or voluntary corporate social 
responsibility pushed by authorities for GMP 
4.250 15 
 
Organizational Style 
6 Type of organizational culture supportive of GMP 3.500 35 
7 Self-directed and facilitated organization 
facilitating GMP 
4.200 17 
8 Organisational Commitment for GMP 4.000 23 
9 Owner values or employee aspirations towards 
GMP  
3.000 38 
10 Internal organizational capabilities to support GMP 4.000 23 
11 Internal sustainable efforts toward GMP 4.000 23 
12 GMP awareness within organization’s management 4.400 10 
13 Awareness of GMP impact throughout the 
organisation 
4.200 17 
14 Good community and employee relations 
supportive of GMP 
3.250 37 
Eco Knowledge 
15 Availability of Comprehensive training and 
education in GMP 
4.000 23 
16 GMP education are part of organisational training 4.200 17 
17 Availability of GMP information 4.600 4 
Business Environment 
18 Commitment from various business stakeholders 
towards GMP 
4.400 10 
19 Professional network to support GMP 4.200 17 
20 New market opportunities towards GMP 4.600 4 
21 Competitors pressures towards GMP 4.600 4 
22 Industrial sectors initiatives for GMP 4.000 23 
23 Support from external stakeholders for GMP 4.000 23 
24 Business to business pressure from larger 
organizations towards GMP 
3.400 36 
25 Promotion of successful GMP practices as case 
examples  
4.400 10 
Society Influences 
26 Public awareness to Green initiatives 4.600 4 
27 Customer’s demand of Green products/process 4.600 4 
28 Customer collaborations towards green initiatives 4.200 17 
29 Socio cultural responsibility towards Green 
Practices 
4.400 10 
Financial Incentives 
30 Financial incentives (penalties, support) from 
government for GMP 
4.000 23 
31 Organizational belief of cost reductions through  4.000 23 
Innovation 
32 Holistic intervention programs 4.000 23 
33 Organizational belief of innovation opportunities 
through GMP 
3.800 34 
34 Better competitiveness through GMP 4.800 2 
35 Improved company image through GMP 5.000 1 
36 Desire to promote environmental benign product 4.200 17 
37 Perception of increase product quality  4.800 2 
38 Business performance commitment 4.600 4 
Literature review on drivers and barriers faced by SMEs in 
adopting green manufacturing practices 
Identification of factors which  influence GMP from 
literature and brainstorming session  
Development of research instrument for Delphi survey 
Collection of data and outcome of discussion with experts 
Examination of drivers and barriers 
Identification of key drivers and barriers 
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39 Organisational belief of Long term benefit through 
GMP 
4.400 10 
 
Table 3 : Barriers which hinder the implementation of GMP in SMEs 
No. Barriers Mean Rank 
Organizational 
1 Weak organizational structure to support GMP 5.000 1 
2 Lack of empowerment to support GMP 4.800 3 
3 High internal politics which delay execution of 
decisions concerning GMP  
4.400 20 
4 Management has high resistance towards GMP 4.200 29 
5 Difficulties in transforming positive GMP attitudes 
into actions  
4.600 12 
6 Existence of owner-manager leadership issues 
which hinder GMP 
4.000 43 
7 Restrictive company policies towards 
products/process stewardship for GMP 
4.800 3 
8 High hesitation to convert traditional practices to 
GMP 
4.200 29 
9 Limited resources which affect the organization’s 
ability to adopt new GMP practices 
4.800 3 
10 Perception of  ‘out-of-responsibility’ zone towards 
GMP 
4.200 29 
11 Undeveloped organizational GMP culture 4.000 43 
12 Loss/lack of GMP champion 4.750 11 
13 Improper communication structures to support 
GMP 
4.400 20 
14 Disbelief regarding the benefits of GMP  3.600 56 
15 Difficulties in allocating resources for GMP 3.200 62 
16 Lack of technical expertise in GMP 3.400 59 
17 Lack of corporate social responsibility for GMP 3.800 52 
18 Lack of involvement from external stakeholders 4.000 43 
19 Lack of management and/or staff time for 
implementation and maintenance of GMP 
4.600 12 
Environmental Knowledge 
20 Existence of attitude and perception issues 
regarding GMP 
3.800 52 
21 Lack of GMP knowledge  4.400 20 
22 Lack of access to external GMP technical support 4.200 29 
23 Difficulties in obtaining GMP information for 
potential improvements 
3.600 56 
Business Environment 
24 Weak market positions for GMP-based 
products/processes 
3.600 56 
25 GMP tools, business case measurements and 
verification procedures are primarily aimed at 
large businesses 
4.000 43 
26 Lack of influence on GMP strategic adaptation 
competence against changes in SMEs 
3.400 59 
27 Lack of market preferences/demands for GMP-
based products/processes 
3.800 52 
28 Nature of business which is industrial-specific, 
leading to low green manufacturing practices 
4.250 28 
29 Lack of awareness regarding the impact of GMP 
on business 
4.600 12 
30 Inadequate industrial self-regulations for GMP 4.200 29 
31 Lack of effective GMP measures 4.600 12 
32 Distortion in the verifier market for GMP 4.000 43 
33 Lack of experienced GMP verifiers  4.400 20 
34 Lack of legitimacy for GMP 4.600 12 
35 Less competitiveness due to GMP 2.800 63 
Societal Influence 
36 Society with low green attitudes 4.200 29 
37 Lack of awareness on green products/processes 
among customers  
4.200 29 
38 Weak public pressure towards green 
products/processes 
4.800 3 
Technology 
39 Inadequate R&D, design and testing within the 
organization to support GMP 
5.000 1 
40 Lack of new technology, materials and processes  
to support GMP 
4.200 29 
41 Lack of additional infrastructure requirements to 
support GMP 
4.600 12 
42 Unavailability of GMP-based alternative solutions  4.000 43 
43 Complexity of design to support GMP 4.200 29 
44 Lack of flexibility to switch over to GMP-based 
systems 
4.400 20 
45 Limited range of technological competencies in 
GMP 
4.200 29 
46 Lack of innovation capabilities in GMP 3.400 59 
47 Lack of flexibility in the manufacturing process 
with regards to implementing GMP 
4.800 3 
48 Lack of  GMP technological  capabilitis 4.400 20 
49 Lack of GMP human resource capabilities 4.000 43 
Regulation/Government 
50 Lack of  environmental enforcement for GMP 4.800 3 
51 Lack of support and guidance from regulatory 
authorities on GMP 
4.400 20 
52 Lack of GMP training courses/consultancy 
provided by the government  
3.800 52 
53 Absence of financial incentives and policies for 
implementation of GMP 
4.000 43 
54 Lack of GMP implementation guidelines 4.200 29 
Financial 
55 Existence of sunk costs in GMP which can cause 
organizations to incur losses 
4.200 29 
56 Difficulties in acquiring financial capital for GMP 
initiatives 
4.600 12 
57 High initial capital cost to implement GMP 4.800 3 
58 Limited financial resources 4.200 29 
59 Poor financial performance to initiate GMP 4.200 29 
60 Lack of financial gains through GMP 4.000 43 
61 High cost of GMP certification/verification which 
disproportionally penalizes small organizations 
4.400 20 
Suppliers 
62 Supply barriers (difficulties in obtaining green  
technological information, raw materials and 
finance) 
4.600 12 
63 Poor supplier commitment towards GMP 4.800 3 
64 Problems arising from maintaining awareness of 
GMP among suppliers 
4.800 3 
5. Discussion 
We have identified 39 drivers and 64 barriers which 
motivate and hinder the implementation of GMP in SMEs 
from the literature. The drivers are categorized into seven 
categories whereas the barriers are categorized into eight 
categories (Table 2-3). Following this, we elicit the views of 
academicians regarding the list of drivers and barriers of 
implementing GMP in SMEs via questionnaire during the first 
round of the Delphi survey. Our preliminary findings reveal 
that the top critical drivers which motivate GMP in Malaysian 
SMEs are improved company image, improved 
competitiveness and enhanced product quality through GMP. 
In general, the SMEs’ commitment to environmental 
initiatives such as green manufacturing practices is not only 
driven by economic aspects, but also the desire to gain 
approval from the public. We expect that the public may not 
be fully aware of SMEs due to the small coverage of these 
organizations by the media compared to large organizations. 
Hence, the implementation of GMP in SMEs can be one of 
factors which will draw attention from the public since 
consumers have grown more environmentally-conscious over 
the years. We believe that SMEs can improve their 
performance, gain profits and increase their competitiveness 
in the local and global markets by implementing GMP.  
In addition, our findings reveal that the top critical barriers 
which hinder the implementation of GMP in SMEs are weak 
organizational structure to support GMP as well as inadequate 
R&D, design and testing within the organization to support 
GMP. In Malaysia, SMEs are typically owned by families, in 
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which the management primarily focuses on daily business 
operations and exhibits the tendency to respond only to 
critical situations. In other words, SMEs do not have a 
structured environmental management. In general, the 
owners’ knowledge on green practices is not translated 
usefully into actual business practices as they perceive that 
implementing green practices will incur high cost.  
Furthermore, SMEs have inadequate R&D support due to lack 
of resources and technical expertise concerning green 
practices. Our preliminary findings are encouraging and 
therefore we intend to proceed with the second and third 
rounds of the Delphi survey in order to elicit views from 
government and industrial experts regarding the drivers and 
barriers of implementing GMP in SMEs. We believe that our 
findings will be beneficial as the changes towards green 
manufacturing in SMEs can only be made by all relevant 
stakeholders once the key factors are clearly identified.  
 
6. Conclusion  
 
In this study, we have identified the drivers and barriers 
which encourage and inhibit the implementation of green 
manufacturing practices in SMEs, specifically in Malaysia. 
We have compiled a list of drivers and barriers which we 
extracted from a comprehensive literature review. 
Furthermore, we have begun the first round of the Delphi 
survey, whereby we send out questionnaires to a panel of 
experts, primarily academicians from local universities. Even 
though the results presented in this paper are merely obtained 
from the preliminary stage of this study, the results provide an 
overview on the drivers and barriers which encourage and 
inhibit the implementation of GMP in SMEs. We are still 
carrying out the first round of the Delphi survey and we will 
proceed with the second and third stages of the survey in 
order to provide a detailed insight on the views from all 
relevant stakeholders concerning the implementation of GMP 
in SMEs. We will use pair-wise questionnaires during the 
second and third rounds of the Delphi survey in order to 
determine the level of importance for all drivers and barriers. 
We intend to obtain the opinions of government officials and 
industrial experts next since this will give a holistic view of 
the factors which motivate and hinder the implementation of 
GMP in SMEs in Malaysia.  
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APPENDIX A 
Summary of literature used to determine the drivers of GMP  
Drivers Sources 
Holistic intervention programmes; high commitment from 
various stakeholders 
[9] 
Support from external stakeholders; internal organization [10] 
Regulations [11], [12], 
[13], [14] 
Good environmental education  [15]  
Competitiveness; culture; use and availability of information; 
advice from stakeholders 
[16] 
Regulation and social concerns; customers’ requirements [17] 
Pressure from external and  internal stakeholders such as 
government, investors, customers, suppliers and community  
[18] 
Awareness of environmental impact; long-term benefits [19] 
Professional network [20] 
Regulatory measures; pressure from competitors; pressure from 
customers; socio-cultural responsibility 
[21] 
 
Organizational factors; customers; competitors; society [22] 
Environmental collaboration between suppliers and customers   [23] 
Pressure from customers; owner values or employee aspirations [24] 
Business pressure from larger organizations; cost reductions [25] 
Financial; markets; legislation; community and employee  [26] 
Social responsibility; Regulations; Public awareness; financial 
benefits, improved company image; improved competitiveness 
[27] 
Environmental education [28] 
 
Summary of literature used to determine the barriers of GMP   
Barriers Sources 
High investment and less return of investment; unavailability of 
bank loans; high cost for hazardous waste disposal 
[29] 
Sunk costs; improper communication structures; politics [30] 
Lack of human resources; disbeliefs that environmental 
initiatives  will benefit businesses  
[31] 
 
Difficulties in obtaining information for potential environmental 
improvements 
[32] 
Lack of effective environmental measures [33] 
Limited resources which affect the ability to adopt new 
practices; limited range of technological competencies 
[34] 
Undeveloped organizational environmental culture; limited 
financial and staff resources; environmental legislation 
[35] 
Lack of technology,  knowledge and financial resources  [36] 
Lack of resources and capabilities   [37] 
Lack of human resource capabilities, knowledge, technical skills 
and professional consultation 
[38] 
Organizational structure; owner-manager leadership issues; lack 
of empowerment and employee ideas  
[39] 
Tools, business case measurements and verification procedures 
are primarily aimed at large businesses 
[40] 
Lack of training courses/consultancy to train and monitor 
progress of each industry; lack of environmental knowledge 
[41] 
Problems in maintaining environmental awareness of suppliers [42] 
Lack of new technology and R&D [43] 
Lack of guidelines; low environmental awareness [44] 
Effect of legislation; suppliers; environmental attitudes [45] 
Lack of green system exposure professionals; low involvement 
from the top management   
[46] 
Complexity of design to reuse/recycle products; restrictive 
company policies towards product/process stewardship 
[47] 
Requirement of additional effort and high costs  [48] 
Environmental legislation and requirements [49] 
Type of organizational structure; lack of environmental training 
and awareness; lack of capability to innovate; lack of 
relationship with external stakeholders 
[50] 
Lack of commitment and communication by SME owners to 
reduce negative environmental impact; difficulties in 
transforming positive environmental attitudes 
[51] 
 
References 
[1] DeSimone, L.D. and F.P. Popoff, Eco-efficiency: the business link 
to sustainable development. 2000, MIT press. 
[2] Van Hemel, C. and J. Cramer, Barriers and stimuli for ecodesign 
in SMEs. Journal of Cleaner Production, 2002. 10(5): p. 439-453. 
[3] Hillary, R., Small and medium-sized enterprises and the 
environment: business imperatives. 2000: Greenleaf Publishing. 
[4] Rahman, S.-u., A comparative study of TQM practice and 
organisational performance of SMEs with and without ISO 9000 
certification. International Journal of Quality & Reliability 
Management, 2001. 18(1): p. 35-49. 
[5] Singh, R.K., S.K. Garg, and S. Deshmukh, Strategy development 
by SMEs for competitiveness: a review. Benchmarking: An 
663 Raja Ariffi n Raja Ghazilla et al. /  Procedia CIRP  26 ( 2015 )  658 – 663 
International Journal, 2008. 15(5): p. 525-547. 
[6] Deif, A.M., A system model for green manufacturing. Journal of 
Cleaner Production, 2011. 19(14): p. 1553-1559. 
[7] Porter, M.E. and C. Van der Linde, Green and competitive: ending 
the stalemate. Harvard business review, 1995. 73(5): p. 120-134. 
[8] Okoli, C. and S.D. Pawlowski, The Delphi method as a research 
tool: an example, design considerations and applications. 
Information & Management, 2004. 42(1): p. 15-29. 
[9] Parker, C., J. Redmond, and M. Simpson, Review of interventions 
to encourage SMEs to make environmental improvements. 
Environment and planning C: Government & policy, 2009. 27(2): 
p. 279-301. 
[10] Lee, S.-Y., Drivers for the participation of small and medium-
sized suppliers in green supply chain initiatives. Supply Chain 
Management: An International Journal, 2008. 13(3): p. 185-198. 
[11] Zhang, B., J. Bi, and B. Liu, Drivers and barriers to engage 
enterprises in environmental management initiatives in Suzhou 
Industrial Park, China. Frontiers of Environmental Science & 
Engineering in China, 2009. 3(2): p. 210-220. 
[12] Studer, S., R. Welford, and P. Hills, Engaging Hong Kong 
businesses in environmental change: drivers and barriers. 
Business Strategy and the Environment, 2006. 15(6): p. 416-431. 
[13] Zhu, Q. and Y. Geng, Drivers and barriers of extended supply 
chain practices for energy saving and emission reduction among 
Chinese manufacturers. Journal of Cleaner Production, 2013. 40: 
p. 6-12. 
[14] Studer, S., et al., SMEs and voluntary environmental initiatives: a 
study of stakeholders' perspectives in Hong Kong. Journal of 
environmental planning and management, 2008. 51(2): p. 285-
301. 
[15] Cloquell-Ballester, V.-A., et al., Environmental education for 
small-and medium-sized enterprises: Methodology and e-learning 
experience in the Valencian region. Journal of Environmental 
Management, 2008. 87(3): p. 507-520. 
[16] Hitchens, D., et al., Competitiveness, environmental performance 
and management of SMEs. Greener Management International, 
2003. 2003(44): p. 44-57. 
[17] Noci, G. and R. Verganti, Managing ‘green’product innovation in 
small firms. R&D Management, 1999. 29(1): p. 3-15. 
[18] Delmas, M. and M.W. Toffel, Stakeholders and environmental 
management practices: an institutional framework. Business 
strategy and the Environment, 2004. 13(4): p. 209-222. 
[19] McKeiver, C. and D. Gadenne, Environmental management 
systems in small and medium businesses. International small 
business journal, 2005. 23(5): p. 513-537. 
[20] Moore, S.B. and S.L. Manring, Strategy development in small and 
medium sized enterprises for sustainability and increased value 
creation. Journal of cleaner production, 2009. 17(2): p. 276-282. 
[21] Hsu, C.-C., et al., Supply chain drivers that foster the development 
of green initiatives in an emerging economy. International Journal 
of Operations & Production Management, 2013. 33(6): p. 656-
688. 
[22] Walker, H., L. Di Sisto, and D. McBain, Drivers and barriers to 
environmental supply chain management practices: Lessons from 
the public and private sectors. Journal of Purchasing and Supply 
Management, 2008. 14(1): p. 69-85. 
[23] Eltayeb, T.K., S. Zailani, and T. Ramayah, Green supply chain 
initiatives among certified companies in Malaysia and 
environmental sustainability: Investigating the outcomes. 
Resources, conservation and recycling, 2011. 55(5): p. 495-506. 
[24] Studer, S., R. Welford, and P. Hills, Drivers and barriers to 
engaging small and medium-sized companies in voluntary 
environmental initiatives. The Centre of Urban Planning and 
Environmental Management. The University of Hong Kong: Hong 
Kong, 2005. 
[25] Williamson, D., G. Lynch-Wood, and J. Ramsay, Drivers of 
environmental behaviour in manufacturing SMEs and the 
implications for CSR. Journal of Business Ethics, 2006. 67(3): p. 
317-330. 
[26] Zorpas, A., Environmental management systems as sustainable 
tools in the way of life for the SMEs and VSMEs. Bioresource 
technology, 2010. 101(6): p. 1544-1557. 
[27] Pimenova, P. and R. van der Vorst, The role of support 
programmes and policies in improving SMEs environmental 
performance in developed and transition economies. Journal of 
Cleaner Production, 2004. 12(6): p. 549-559. 
[28] Redmond, J. and E. Walker, Environmental Education in Small 
Business: The Owner-Manager's Perspective. Australian Journal 
of Environmental Education, 2009. 25. 
[29] Govindan, K., et al., Barriers analysis for green supply chain 
management implementation in Indian industries using analytic 
hierarchy process. International Journal of Production Economics, 
2014. 147: p. 555-568. 
[30] Carter, C.R. and D.S. Rogers, A framework of sustainable supply 
chain management: moving toward new theory. International 
journal of physical distribution & logistics management, 2008. 
38(5): p. 360-387. 
[31] Hillary, R., Environmental management systems and the smaller 
enterprise. Journal of cleaner production, 2004. 12(6): p. 561-569. 
[32] Perron, G.M., R.P. Côté, and J.F. Duffy, Improving environmental 
awareness training in business. Journal of Cleaner Production, 
2006. 14(6): p. 551-562. 
[33] Rao, P. and D. Holt, Do green supply chains lead to 
competitiveness and economic performance? International Journal 
of Operations & Production Management, 2005. 25(9): p. 898-
916. 
[34] Hadjimanolis, A. and K. Dickson, Innovation strategies of SMEs 
in Cyprus, a small developing country. International Small 
Business Journal, 2000. 18(4): p. 62-79. 
[35] Biondi, V., F. Iraldo, and S. Meredith, Achieving sustainability 
through environmental innovation: the role of SMEs. International 
Journal of Technology Management, 2002. 24(5): p. 612-626. 
[36] Gerstenfeld, A. and H. Roberts, Size matters: barriers and 
prospects for environmental management in small and medium-
sized enterprises. Small and Medium-Sized Enterprises and the 
Environment: business imperatives, 2000. 1(80): p. 106-118. 
[37] Ebinger, F., M. Goldbach, and U. Schneidewind, Greening supply 
chains: a competence-based perspective, in Greening the Supply 
Chain. 2006, Springer. p. 251-269. 
[38] Angel del Brio, J., B. Junquera, and M. Ordiz, Human resources 
in advanced environmental approaches–a case analysis. 
International Journal of Production Research, 2008. 46(21): p. 
6029-6053. 
[39] McAdam, R., T. McConvery, and G. Armstrong, Barriers to 
innovation within small firms in a peripheral location. 
International Journal of Entrepreneurial Behaviour & Research, 
2004. 10(3): p. 206-221. 
[40] Le Pochat, S., G. Bertoluci, and D. Froelich, Integrating ecodesign 
by conducting changes in SMEs. Journal of Cleaner Production, 
2007. 15(7): p. 671-680. 
[41] Bowen, F.E., et al., The role of supply management capabilities in 
green supply. Production and operations management, 2001. 
10(2): p. 174-189. 
[42] Mathiyazhagan, K., et al., An ISM approach for the barrier 
analysis in implementing green supply chain management. Journal 
of Cleaner Production, 2013. 47: p. 283-297. 
[43] Quayle, M., A study of supply chain management practice in UK 
industrial SMEs. Supply Chain Management: An International 
Journal, 2003. 8(1): p. 79-86. 
[44] Geng, Y. and B. Doberstein, Greening government procurement in 
developing countries: Building capacity in China. Journal of 
environmental management, 2008. 88(4): p. 932-938. 
[45] Gadenne, D.L., J. Kennedy, and C. McKeiver, An empirical study 
of environmental awareness and practices in SMEs. Journal of 
Business Ethics, 2009. 84(1): p. 45-63. 
[46] Lin, C.-Y. and Y.-H. Ho, AN EMPIRICAL STUDY ON 
LOGISTICS SERVICE PROVIDERS" INTENTION TO ADOPT 
GREEN INNOVATIONS. Journal of Technology Management & 
Innovation, 2008. 3(1). 
[47] Beamon, B.M., Designing the green supply chain. Logistics 
information management, 1999. 12(4): p. 332-342. 
[48] Min, H. and W.P. Galle, Green purchasing practices of US firms. 
International Journal of Operations & Production Management, 
2001. 21(9): p. 1222-1238. 
[49] Simpson, M., N. Taylor, and K. Barker, Environmental 
responsibility in SMEs: does it deliver competitive advantage? 
Business Strategy and the Environment, 2004. 13(3): p. 156-171. 
[50] del Brío, J.Á. and B. Junquera, A review of the literature on 
environmental innovation management in SMEs: implications for 
public policies. Technovation, 2003. 23(12): p. 939-948. 
[51] Revell, A. and R. Rutherfoord, UK environmental policy and the 
small firm: broadening the focus. Business Strategy and the 
Environment, 2003. 12(1): p. 26-35. 
[52]            http://www.smecorp.gov.my 
[53] http://www.frost.com 
